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competitive advantage in international markets has important
implications for the way we conceive tree-trade. This paper
reconsiders the issue of strategic environmental policy in a model
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are allowed is a Pigouvian tax.
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Wkh srwhqwldo xvh ri hqylurqphqwdo uhjxodwlrqv wr dfklhyh frpshwlwlyh dgydqwdjh lq
lqwhuqdwlrqdo pdunhwv lv d wrslf ri lqfuhdvhg srolf| frqfhuq1 Dv wkh ZWR frqwlqxhv
wr wljkwhq uhvwulfwlrqv rq wudglwlrqdo jryhuqphqw h{sruw surjudpv/ frqfhuq kdv vxu0
idfhg wkdw qrq0wudglwlrqdo wudgh srolflhv/ zklfk lqfoxgh hqylurqphqwdo uhjxodwlrqv dqg
rwkhu lqsxw pdunhw frqwurov/ kdyh hphujhg dv wkh suhydlolqj lqvwuxphqwv iru vwudwhjlf
wudgh1 Wkh RHFG/ wkh ZWR/ wkh Hxurshdq Frpplvvlrq/ dqg rwkhu lqwhuqdwlrqdo
rujdql}dwlrqv kdyh uhfhqwo| hydoxdwhg srvvleoh hqylurqphqwdo wd{ uhirupv dqg wkhlu
hhfw rq qdwlrqdo dqg uhjlrqdo zhoiduh dqg frpshwlwlyhqhvv +vhh Prujhqvwhuq +4<<8,>
RHFG +4<<:,,1 Wkh srvvlelolw| ri vwudwhjlf hqylurqphqwdo srolf| lv dq lvvxh ri frq0
vlghudeoh srolf| lpsruwdqfh iru wkh zd| zh frqfhlyh iuhh0wudgh1
Vlqfh wkh vhplqdo zrun e| Pdunxvhq +4<:8,/ wkh lghd wkdw hqylurqphqwdo srolf|
pd| eh xvhg dv dq lqgluhfw lqvwuxphqw ri wudgh srolf| kdv uhfhlyhg frqvlghudeoh dw0
whqwlrq lq wkh olwhudwxuh1 Zkhuhdv Pdunxvhq*v sulpdu| irfxv zdv rq wkh lpsdfw
ri hqylurqphqwdo srolf| rq wkh whupv0ri0wudgh hhfwv lq frpshwlwlyh pdunhwv/ uhfhqw
uhvhdufk dorqj wkhvh olqhv kdv ghyhorshg lqwhuqdwlrqdo roljrsro| prghov edvhg rq wkh
uhqw0vkliwlqj prwlydwlrqv iru wudgh srolf| wkdw zhuh ruljlqdoo| vxjjhvwhg e| Eudqghu
dqg Vshqfhu +4<;8,1 Lq sduwlfxodu/ Frqudg +4<<6, kdv ghprqvwudwhg wkdw wkh xqlodw0
hudo rswlpdo hqylurqphqwdo wd{ xqghulqwhuqdol}hv wkh grphvwlf h{whuqdolw| zkhq upv
frpshwh lq txdqwlwlhv lq dq lqwhuqdwlrqdo roljrsro| pdunhw1 Xqghu flufxpvwdqfhv
ri sulfh frpshwlwlrq lq wkh lqwhuqdwlrqdo pdunhw/ Eduuhww +4<<7, qgv wkh rssrvlwh
uhvxow= wkh rswlpdo hqylurqphqwdo srolf| ryhulqwhuqdol}hv wkh grphvwlf h{whuqdolw|1
Wklv suhfxuvru iru wklv uhvxow kdv ehhq vkrzq lq wkh vwudwhjlf wudgh olwhudwxuh e|
Hdwrq dqg Jurvvpdq +4<;9,= zkhq upv fkrrvh yduldeohv wkdw duh vwudwhjlf vxevwl0
wxwhv +h1j1/ rxwsxwv,/ wkh rswlpdo uhqw0vkliwlqj wudgh srolf| lv d vxevlg|/ zkhuhdv/
zkhq upv fkrrvh yduldeohv wkdw duh vwudwhjlf frpsohphqwv +h1j1/ sulfhv,/ wkh rswlpdo
wudgh srolf| lv d wd{1 Xqghu vwudwhjlf hqylurqphqwdo wudgh srolf|/ wkh lqfhqwlyh ri d
jryhuqphqw uhjxodwru wr ixoo| lqwhuqdol}h grphvwlf hqylurqphqwdo gdpdjhv lv vlploduo|
4whpshuhg e| khu ghvluh wr dfklhyh frpshwlwlyh dgydqwdjh lq wkh lqwhuqdwlrqdo pdunhw1
Wklv rxwfrph/ zklfk kdv ehhq frlqhg wkh hqylurqphqw0iru0wudgh srolf| uhvxow/ kdv
ehhq vxevhtxhqwo| h{whqghg e| Nhqqhg| +4<<7, wr h{dplqh lwv lpsolfdwlrqv iru wudqv0
erxqgdu| srooxwlrq sureohpv/ e| Qdqqhuxs +4<<;, wr frqvlghu wkh fdvh ri lqfrpsohwh
lqirupdwlrq/ dqg e| Xosk dqg Xosk +4<<9,/ Vlpsvrq dqg Eudgirug +4<<9,/ dqg Fduov0
vrq +5333, wr dqdo|}h wkh hhfw ri dgglwlrqdo vwdjhv ri lqyhvwphqw dqg U)G rq wkh
rswlpdo srolf| surjudp14
Lq wklv sdshu/ zh fkdoohqjh wkh hvvhqwldo hqylurqphqw0iru0wudgh srolf| uhvxow e|
wdnlqj d eurdghu ylhz ri wkh yhuwlfdo lqgxvwu| vwuxfwxuh wkdw hqfrpsdvvhv wkh lqsxw
pdunhw1 Rxu srlqw ri ghsduwxuh iroorzv Kdplowrq dqg Vwlhjhuw +5333,/ zkr ghprq0
vwudwh iru wkh fdvh ri krprjhqhrxv surgxfw txdqwlw| frpshwlwlrq wkdw d grzqvwuhdp
h{sruwhu kdv dq lqfhqwlyh wr hpsor| yhuwlfdo frqwudfwv zlwk xsvwuhdp lqsxw vxssolhuv
wr lpsuryh lw*v vwudwhjlf srvlwlrq lq wkh lqwhuqdwlrqdo pdunhw1 Khuh/ zh uhfrqvlghu
wkh hqylurqphqw0iru0wudgh srolf| uhvxow lq d ghfhqwudol}hg frqwh{w ri yhuwlfdo pdunhwv1
Vshflfdoo|/ zh lghqwli| wkh lqfhqwlyhv iru vwudwhjlf hqylurqphqwdo wudgh srolf| xqghu
flufxpvwdqfhv lq zklfk jryhuqphqw uhjxodwruv wdnh wkh htxloleulxp ehkdylru ri upv
dv hqgrjhqrxv ixqfwlrqv ri wkh uhjxodwru| lqvwuxphqwv erwk lq wkh lqwhuqdwlrqdo qdo
jrrgv pdunhw dqg lq wkh lqwudqdwlrqdo lqsxw pdunhwv1 Zh qg wklv odwwhu hohphqw ri
lqwudqdwlrqdo h{fkdqjh/ zklfk kdv ehhq vxssuhvvhg lq suhylrxv dqdo|vhv ri vwudwhjlf
lqsxw srolf|/ wr kdyh vljqlfdqw lpsolfdwlrqv iru rswlpdo hqylurqphqwdo srolf| ghvljq1
Wkh uhodwlrqvkls ehwzhhq yhuwlfdo pdunhw vwuxfwxuh dqg lqwhuqdwlrqdo hqylurqphq0
wdo srolf| lv lpsruwdqw iru vhyhudo uhdvrqv15 Iluvw/ iurp wkh wudgh shuvshfwlyh/ wudqv0
dfwlrqv zlwklq yhuwlfdoo| vwuxfwxuhg vhfwruv wkdw surgxfh lqwhuqdwlrqdoo| h{fkdqjhg
jrrgv duh riwhq fkdudfwhul}hg e| kljko| frruglqdwhg frqwudfwxdo olqndjhv ehwzhhq
upv1 Iru h{dpsoh/ lqgxvwuldo vwuxfwxuhv zlwklq rujdql}dwlrqv vxfk dv Mdsdqhvh
nhluhwvx dqg Nruhdq fkdherov w|slfdoo| lqyroyh hlwkhu h{solflw wudqvihu sd|phqwv ru
htxlw|0vkdulqj duudqjhphqwv ehwzhhq yhuwlfdoo| doljqhg frusrudwlrqv1 Vhfrqg/ iurp
4Gxydo dqg Kdplowrq +5334, surylgh d prgho wkdw v|qwkhvl}hv wkh pdmru vwudwhjlf hqylurqphqwdo
wudgh srolf| hhfwv lq d vlqjoh irupxod1
5Wkh lq xhqfh ri yhuwlfdo pdunhw vwuxfwxuh rq vwudwhjlf wudgh srolf| kdv ehhq h{dplqhg e| Vshqfhu
dqg Mrqhv +4<<4/ 4<<5, dqg Lvklndzd dqg Vshqfhu +4<<<,/ dprqj rwkhuv1 Krzhyhu/ wkhvh sdshuv
qhlwkhu frqvlghu yhuwlfdo frqwudfwv ehwzhhq upv qru ghyhors h{solflw frqqhfwlrqv wr hqylurqphqwdo
srolf| irupxodwlrq1
5wkh hqylurqphqwdo shuvshfwlyh/ d yhuwlfdoo| vwudwlhg ylhz ri pdunhwv wkdw frqvlg0
huv d srooxwlqj lqsxw dggv dq hvvhqwldo glphqvlrq wr wkh hqylurqphqwdo srolf| sure0
ohp1 Lq pdq| lqvwdqfhv/ wkh sulqflsoh lqwhuidfh ehwzhhq hfrqrplf dfwlylw| dqg wkh
hqylurqphqw rffxuv wkurxjk surgxfwlrq lq wkh xsvwuhdp sulpdu| surgxfw lqgxvwulhv/
zkhuhdv wkh sulpdu| frqqhfwlrq ehwzhhq dq hfrqrp| dqg lwv lqwhuqdwlrqdo wudgh sduw0
qhuv rffxuv wkurxjk wkh h{fkdqjh ri qlvkhg jrrgv surgxfhg lq grzqvwuhdp lqgxv0
wulhv1 Wklug/ iurp d vwulfwo| prgholqj vwdqgsrlqw/ vxssuhvvlqj wkh yhuwlfdo vhtxhqfh
ri surgxfwlrq wkdw vxssruwv dq h{sruw jrrg fuhdwhv d srolf| hqylurqphqw lq zklfk
uhqw0vkliwlqj vwudwhjlhv duh h{whuqdo wr pdunhw sduwlflsdqwv/ zklfk/ e| frqvwuxfwlrq/
pd| vljqlfdqwo| dhfw wkh txdolwdwlyh lpsolfdwlrqv ri wkh prgho iru rswlpdo srolf|
ghvljq1 Lq oljkw ri wkhvh revhuydwlrqv/ lw lv vxusulvlqj wr qrwh wkdw wkhuh kdv ehhq ylu0
wxdoo| qr glvfxvvlrq wr gdwh rq wkh hhfw ri yhuwlfdo pdunhw vwuxfwxuh rq lqwhuqdwlrqdo
hqylurqphqwdo srolf|1
Zh iudph rxu prgho ri vwudwhjlf hqylurqphqwdo srolf| durxqg d ghfhqwudol}hg yhu0
wlfdo pdunhw vwuxfwxuh wkdw vxssruwv d wudghg jrrg1 Wkh vhtxhqfh ri dfwlylwlhv lq
wkh prgho lv rujdql}hg lq wkh frqwh{w ri d vwdjh jdph lqyroylqj wzr jryhuqphqwv dqg
wkhlu uhvshfwlyh lqgxvwulhv/ zklfk vhoo doo rxwsxw lq dq lqwhuqdwlrqdo h{sruw pdunhw1
Wkh jryhuqphqw uhjxodwruv pryh uvw e| frpplwwlqj wr hqylurqphqwdo wd{hv rq d
srooxwlqj lqsxw xvhg e| wkhlu xsvwuhdp upv1 Ilupv vxevhtxhqwo| wdnh wkhvh wd{
udwhv dv jlyhq dqg hqjdjh lq hlwkhu sulfh ru txdqwlw| frpshwlwlrq lq wkh lqwhuqdwlrqdo
pdunhw1 Wkh edvlf irxqgdwlrq ri wklv lqwhuqdwlrqdo jdph ehwzhhq jryhuqphqw uhjxod0
wruv lv lghqwlfdo wr wkdw sxuvxhg e| Frqudg +4<<6, dqg Eduuhww +4<<7,> krzhyhu/ khuh
zh lqwurgxfh dq lqwudqdwlrqdo vxejdph lq frqwudfwv ehwzhhq wkh grzqvwuhdp dqg
xsvwuhdp up+v,1 Zh ghprqvwudwh wkdw wkh lqwudqdwlrqdo vxejdph uhyhdohg wkurxjk
dq h{solflw frqvlghudwlrq ri yhuwlfdo vwuxfwxuh kdv dq lpsruwdqw lq xhqfh rq wkh qd0
wxuh ri wkh lqwhuqdwlrqdo rxwsxw ulydou|/ zklfk/ lq wxuq/ hqwdlov vljqlfdqw txdolwdwlyh
lpsolfdwlrqv iru rswlpdo hqylurqphqwdo srolf| ghvljq1
Xqghu flufxpvwdqfhv ri hlwkhu sulfh ru txdqwlw| frpshwlwlrq lq wkh lqwhuqdwlrqdo
pdunhw/ zh qg wkh rswlpdo qrq0frrshudwlyh hqylurqphqwdo srolf| lv d Sljrxyldq
wd{1 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw/ e| frqvlghulqj wudgh srolf| ohylhg lq lq0
sxw pdunhwv/ d yhuwlfdo vhtxhqfh ri surgxfwlrq lv lqwurgxfhg lq wkh vwudwhjlf wudgh
6iudphzrun wkdw doorzv uhqw0vkliwlqj vwudwhjlhv wr eh lqwhuqdol}hg e| wkh pdunhw sdu0
wlflsdqwv> frqvhtxhqwo|/ wkh uhjxodwru*v lqfhqwlyh wr prgli| wkh rswlpdo wd{ udwh iurp
wkh Sljrxyldq ohyho ehfrphv ixoo| fdslwdol}hg lqwr wkh frqwudfwxdo uhodwlrq ehwzhhq
ghfhqwudol}hg upv1 Wklv qglqj kdv sduwlfxoduo| lpsruwdqw lpsolfdwlrqv lq lqwhu0
qdwlrqdo hqylurqphqwdo srolf| frqwh{wv lq zklfk wkh srooxwdqwv vxemhfw wr uhjxodwlrq
duh pxowl0lqgxvwu| lqsxwv +h1j1/ juhhqkrxvh jdvhv dqg r}rqh0ghsohwlqj vxevwdqfhv,1
Lq sudfwlfh/ lw pd| eh gl!fxow wr lpsohphqw hqylurqphqwdo srolflhv wkdw glvfulplqdwh
ehwzhhq frpshwlwlyh dqg qrq0frpshwlwlyh upv wkdw h{sruw surgxfwv surgxfhg zlwk
pxowl0lqgxvwu| srooxwdqwv vxfk dv Fduerq0glr{lgh/ %/d q g721
E| hoderudwlqj rq wkh srvvlelolw| ri yhuwlfdo duudqjhphqwv ehwzhhq upv lq wkh
frqwudfw vxejdph/ wkh prgho dovr irfxvhv dwwhqwlrq rq dq xquhfrjql}hg dqg srwhq0
wldoo| lpsruwdqw frqqhfwlrq wkdw h{lvwv ehwzhhq hqylurqphqwdo srolf|/ lqwhuqdwlrqdo
wudgh/ dqg dqwlwuxvw odz1 Lqghhg/ wkh vwudwhjlf hqylurqphqwdo srolf| uhvxowv ri Frq0
udg +4<<6, dqg Eduuhww +4<<7, uhwxuq lq wkh prgho zkhq frqwudfwv ehwzhhq xsvwuhdp
dqg grzqvwuhdp upv duh surklelwhg xqghu d frxqwu|*v erg| ri dqwlwuxvw odz1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh rxwolqh wkh
edvlf vwuxfwxuh ri wkh jdph ehwzhhq jryhuqphqwv dqg ghvfuleh wkh hvvhqwldo ihdwxuhv
ri wkh vxejdph wkdw ghwhuplqhv wkh vhohfwlrq ri frqwudfw whupv ehwzhhq xsvwuhdp dqg
grzqvwuhdp upv1 Lq vhfwlrq 6/ zh h{dplqh wkh lpsolfdwlrq ri yhuwlfdo frqwudfwv iru
wkh qrq0frrshudwlyh jryhuqphqw srolf| htxloleulxp xqghu flufxpvwdqfhv ri txdqwlw|
frpshwlwlrq1 Vhfwlrq 7 h{whqgv wkh dqdo|vlv wr wkh fdvh ri sulfh frpshwlwlrq/ dqg/ lq
vhfwlrq 8/ frqfoxglqj frpphqwv duh surylghg1
5 Prgho Vwuxfwxuh
Zh frqvlghu d yhuwlfdoo| vwuxfwxuhg vhfwru lq zklfk surgxfwlyh dfwlylwlhv duh rujdql}hg
ehwzhhq dq xsvwuhdp up dqg d grzqvwuhdp up lq hdfk frxqwu|1 Xsvwuhdp upv
duh frpshwlwlyh dqg surgxfh d srooxwlqj lqsxw +%,1 Wkh srooxwlqj lqsxw lv xvhg e|
d grzqvwuhdp up wr surgxfh d qlvkhg jrrg ++,/ zklfk lv vxevhtxhqwo| vrog lq dq
lqwhuqdwlrqdo h{sruw pdunhw1 Grzqvwuhdp upv frpshwh/ hlwkhu lq txdqwlwlhv ru lq
sulfhv/ lq dq lqwhuqdwlrqdo pdunhw fkdudfwhul}hg e| d glhuhqwldwhg surgxfw gxrsro|
frpsulvhg ri d grphvwlf up dqg d iruhljq up/ zklfk zh ghqrwh khuhdiwhu zlwk wkh
7vxshuvfulswv _ dqg s/ uhvshfwlyho|1
Wkh wlplqj ri wkh hqylurqphqwdo srolf| jdph lv dv iroorzv1 Lq wkh uvw vwdjh/ wkh
jryhuqphqw uhjxodwru lq frxqw|  fkrrvhv dq hplvvlrq wd{ udwh E|￿ rq wkh srooxwlqj
lqsxw1 Lq wkh vhfrqg vwdjh/ wkh grzqvwuhdp upv frpshwh lq wkh lqwhuqdwlrqdo
roljrsro| pdunhw1 Wkh yhuwlfdo vwuxfwxuh ri surgxfwlrq lq wkh vhfrqg vwdjh lqwurgxfhv
d frqwudfw vxejdph lq zklfk grzqvwuhdp upv duh doorzhg wr hqwhu lqwr frqwudfwxdo
duudqjhphqwv zlwk xsvwuhdp vxssolhuv wr hvwdeolvk uxohv iru h{fkdqjh ri wkh srooxwlqj
lqsxw lq wkh ghfhqwudol}hg pdunhw1
Zh frqvlghu d {hg sulfh frqwudfw irup1 Il{hg sulfh frqwudfwv/ zklfk duh d
frpprqo| revhuyhg irup ri frqwudfwxdo duudqjhphqw lq lqgxvwuldo qdwlrqv/ kdyh ehhq
vwxglhg h{whqvlyho| lq wkh yhuwlfdo vhsdudwlrq olwhudwxuh +vhh/ h1j1/ Olq +4<;;,/ Erqdqqr
dqg Ylfnhuv +4<;;,/ Frxjkolq dqg Zhuqhuihow +4<;<,/ dqg N kq +4<<:, xqghu flufxp0
vwdqfhv ri txdqwlw| frpshwlwlrq> Vkdhu +4<<4, xqghu sulfh frpshwlwlrq,16 Wkh whupv
ri wkh frqwudfw zulwwhq e| wkh grzqvwuhdp up lq frxqwu|  vshfli| d zkrohvdoh sulfh
iru wkh srooxwlqj lqsxw/ ￿/ dqg d {hg wudqvihu sd|phqw/ 8 ￿/ wr eh h{fkdqjhg eh0
wzhhq wkh grzqvwuhdp dqg xsvwuhdp upv1 Wkurxjkrxw/ zh sodfh qr uhvwulfwlrqv rq
wkh vljq ri wklv {hg wudqvihu1
Lq wkh hyhqw wkdw wkh frqwudfw lv uhmhfwhg/ wkh grzqvwuhdp up lq frxqwu|  lv
dvvxphg wr sxufkdvh wkh lqsxw rq frxqwu| *v vsrw pdunhw dw d sulfh ri ￿ ' ￿E|￿1
Wkh pdunhw sulfh iru wkh srooxwlqj lqsxw lq frxqwu| / lq wxuq/ lv jryhuqhg e| wkh ohyho









f lv wkh edvh sulfh ri wkh srooxwlqj lqsxw dqg e￿ lv wkh hplvvlrqv frh!flhqw
lq frxqwu|  +l1h1/ wkh txdqwlw| ri hplvvlrqv shu xqlw ri lqsxw,1 Wkurxjkrxw/ lw lv
dvvxphg wkdw hqylurqphqwdo gdpdjh lv orfdo/ dqg wkdw jryhuqphqwv ri frqvxplqj
frxqwulhv kdyh qr phdqv ri lq xhqflqj wkh hqylurqphqwdo wd{hv vhw lq wkh wzr sur0
gxflqj frxqwulhv1
6Wkh txdolwdwlyh suhglfwlrqv ri wkh prgho zrxog qrw fkdqjh lq wkh frqwh{w ri d frqwudfwxdo
duudqjhphqw wkdw surylghv dq xsvwuhdp surgxfhu zlwk htxlw| vkduhv lq wkh grzqvwuhdp up +vhh
Kdplowrq dqg Vwlhjhuw +5333,,1
86 Txdqwlw| Frpshwlwlrq
Ohw  _Et  ghqrwh wkh lqyhuvh ghpdqg ixqfwlrq ri wkh grphvwlf up dqg  sEt  ghqrwh
wkh lqyhuvh ghpdqg ixqfwlrq ri wkh iruhljq up lq wkh grzqvwuhdp lqwhuqdwlrqdo
pdunhw/ zkhuh t 'E +_c+s  lv wkh yhfwru ri h{sruw txdqwlwlhv/ dqg ohw ￿E+￿c ￿E|￿
ghqrwh wkh yduldeoh frvw ixqfwlrq ri grzqvwuhdp up / zkhuh ￿E|￿ lv wkh pdunhw
sulfh ri d uhjxodwhg srooxwlqj lqsxw surgxfhg lq frxqwu|  jlyhq e| +4,17 Ghqrwlqj
ghulydwlyhv e| vxevfulswv/ zh dvvxph ￿
+ : fc ￿
++  fc ￿
￿ : fc dqg ￿
+￿ : f/d q g
olplw rxu dwwhqwlrq wr flufxpvwdqfhv lq zklfk wkh wzr rxwsxwv duh vxevwlwxwhv/  ￿
￿ 	 f1
Frqvlghu/ uvw/ wkh frqwudfw vxejdph1 Lq wkh rxwsxw vwdjh/ jlyhq wkdw wkh xs0
vwuhdp up dffhswv wkh frqwudfw sursrvhg e| wkh grphvwlf grzqvwuhdp up/ wkh












zkhuh _ lv wkh frqwudfwhg sulfh ri wkh lqsxw dqg 8 _ lv wkh vl}h ri wkh {hg wudqvihu
vshflhg lq wkh frqwudfw1 Wkh vxqn frvw ri wkh grphvwlf grzqvwuhdp up/ zklfk

























zkhuh s dqg 8 s duh wkh whupv vshflhg lq wkh frqwudfw ri wkh grzqvwuhdp iruhljq












Lq wkh hyhqw wkdw wkh grzqvwuhdp up lq frxqwu|  fkrrvhv qrw wr frqwudfw zlwk
lw*v xsvwuhdp up+v,/ hlwkhu wkurxjk yroxqwdu| fkrlfh ru wkurxjk frpsoldqfh zlwk
7Iru qrwdwlrqdo vlpsolflw|/ doo rwkhu lqsxw sulfhv lq wkh frvw ixqfwlrq ri wkh grzqvwuhdp up duh
vxssuhvvhg1












￿￿ 	 fc { : f +9,
Wkh uvw frqglwlrq lv qhfhvvdu| iru surw pd{lpl}dwlrq1 Wkh vhfrqg frqglwlrq vwdwhv
wkdw d up*v pdujlqdo surw ghfuhdvhv zlwk lwv ulydo*v txdqwlw|/ zklfk hqvxuhv wkdw wkh
uhdfwlrq ixqfwlrqv vorsh grzqzdug1 Wkh odvw frqglwlrq lv qhfhvvdu| iru vwdelolw| ri wkh
Qdvk htxloleulxp1 Wkhvh dvvxpswlrqv lpso| wkh h{lvwhqfh ri d xqltxh htxloleulxp lq










Qrz frqvlghu wkh frqwudfw vwdjh ri wkh vxejdph1 Wr rewdlq wkh srooxwlqj lqsxw/
wkh grzqvwuhdp up pxvw rhu wkh xsvwuhdp surgxfhu d frqwudfw wkdw lv +dw ohdvw
zhdno|, surw lqfuhdvlqj1 Dw wkh vdph wlph/ wkh grzqvwuhdp up zloo qrw rhu
d frqwudfw wkdw hduqv qhjdwlyh surw1 Frqvhtxhqwo|/ wkh vxssolhu fkrvhq e| wkh
grzqvwuhdp up lq wkh htxloleulxp frqwudfwxdo uhodwlrq djuhhv wr wkh whupv E_c8_
wkdw pd{lpl}h wkh grzqvwuhdp up*v surw vxemhfw wr d frqvwudlqw ri qrqqhjdwlyh
















_  fc +;,
zkhuh %_ ' %_E+_cS ghqrwhv wkh txdqwlw| ri wkh srooxwlqj lqsxw/ zlwk %_
+ : f1 Uhf0
rjql}lqj wkdw wkh rswlpdo frqwudfw whupv iru wkh grphvwlf grzqvwuhdp up ohdyh
wkh surw ri wkh xsvwuhdp vxssolhu dw wkh uhvhuydwlrq ohyho/ lw iroorzv wkdw +;, elqgv1



































Y_ 'f  +43,














Y_ 'f  +44,
Li wkh iruhljq grzqvwuhdp up dovr fkrrvhv wr frqwudfw/ wkh whupv ri wkh surw0
pd{lpl}lqj frqwudfw iru wkh iruhljq up zrxog eh v|pphwulf wr +44,1
E| dvvxpswlrq/  _
s 	 f dqg %_
+ : f1 Wrwdoo| glhuhqwldwlqj wkh rxwsxw0vwdjh

















Qrwlfh wkdw wkh lpsolflw vwuxfwxuh ri +44, dqg +45, lpsolhv wkdw wkh txdolwdwlyh qdwxuh
ri wkh rswlpdo yhuwlfdo frqwudfw e| wkh grphvwlf grzqvwuhdp up lv lqghshqghqw ri wkh
iruhljq up*v fkrlfh ri frqwudfw whupv1 Wkh ulydo zkrohvdoh sulfh/ s/l vd qd u j x p h q w
wkdw dhfwv rqo| wkh pdjqlwxgh/ dqg qrw wkh vljq/ ri wkh frpsdudwlyh vwdwlfv hhfwv
lq +45,1
Sursrvlwlrq 4 Wkh htxloleulxp yhuwlfdo frqwudfw iru wkh grzqvwuhdp up lq frxqwu|
 zkhq wzr0sduw wdulv duh doorzhg lqyroyhv dq xsvwuhdp sulfh ehorz wkh uhjxodwhg sulfh
ri wkh srooxwlqj lqsxw E￿ 	 ￿E|￿ dqg d srvlwlyh oxps vxp sd|phqw wr wkh xsvwuhdp
up E8 ￿ : f1
Surri1 Vxssrvh qrw1 Wkhq wkhuh duh wzr fdvhv wr frqvlghu iru wkh grphvwlf frxqwu|1
Li _ ' _E|_/ wkhq wkh uvw whup lq +44, lv }hur/ zkloh wkh vhfrqg whup lv qhjdwlyh1
Wkhuhiruh _ 9' _E|_1L i _ : _E|_/ wkhq erwk whupv duh qhjdwlyh1 Wkhuhiruh/
_ 	 _E|_/ iurp zklfk 8_ : f iroorzv lpphgldwho| iurp +;,1 Wkh vdph krogv iru
wkh iruhljq up1
E| frpplwwlqj lwvhoi wr d orzhu lqsxw sulfh/ wkh grphvwlf grzqvwuhdp up lv deoh
wr lqfuhdvh lwv roljrsro| uhqw lq wkh lqwhuqdwlrqdo pdunhw1 Lq wrwdo/ ri frxuvh/ wkh
gluhfw frqwulexwlrq ri wkh orzhu lqsxw sulfh wr wkh grphvwlf up*v surw lv h{dfwo|
rvhw e| wkh sd|phqw ri d oxps0vxp wudqvihu wr wkh xsvwuhdp surgxfhu1 Qrqhwkhohvv/
d orzhu lqsxw sulfh dowhuv wkh vhw ri fuhgleoh dfwlrqv iru wkh grphvwlf upv lq lwv ulydou|
zlwk wkh iruhljq up iru wkh lqwhuqdwlrqdo roljrsro| uhqw1 E| frqwudfwlqj zlwk wkh
;xsvwuhdp surgxfhu iru d orzhu lqsxw sulfh lq h{fkdqjh iru d frpshqvdwru| {hg
sd|phqw/ wkh uhdfwlrq ixqfwlrq ri wkh frqwudfwhg up vkliwv wr wkh uljkw/ zklfk shuplwv
d fuhgleoh rxwsxw h{sdqvlrq iru wkh grphvwlf up lq wkh lqwhuqdwlrqdo pdunhw1
Lq vwdjh rqh ri wkh hqylurqphqwdo srolf| jdph/ wkh grphvwlf dqg iruhljq jryhuq0
phqwv vhohfw wkhlu hplvvlrq wd{hv wr pd{lpl}h wkhlu uhvshfwlyh qhw ehqhwv1 Ohw wkh










Vxssrvh/ iru wkh lqwhuhvw ri prgho fodulw|/ wkdw wkh rxwsxw ri grzqvwuhdp up















zkhuh wkh hqylurqphqwdo gdpdjh lq frxqwu|  lv dvvxphg wr ghshqg rqo| rq wkh
hplvvlrqv lq frxqwu| 18 Lq wklv fdvh/ wkh prgho vxssruwv wkh iroorzlqj uhvxow1
Sursrvlwlrq 5 Li upv lq frxqwu|  hpsor| yhuwlfdo frqwudfwv/ wkh rswlpdo hplvvlrq
wd{ xqghu txdqwlw| frpshwlwlrq lv wkh Sljrxyldq wd{ +|￿ ' (￿
%,1
Surri1 Frqvlghu wkh sureohp ri wkh grphvwlf uhjxodwru1 Pdnlqj xvh ri Vkhsdug*v
ohppd/ htxdwlrq +4,/ dqg wkh grzqvwuhdp up*v surw0pd{lpl}lqj frqglwlrq +6,/ wkh




















Y|_ 'f  +47,
Qh{w/ glylgh +47, wkurxjk e|
Y+_cS
















Qrwlqj wkdw e_ : f dqg %_
+ : f lpsolhv |_  (_
%1 E| v|pphwu|/ |￿ ' (￿
%1
8Zh fkrrvh wr devwudfw iurp flufxpvwdqfhv ri krph0frxqwu| frqvxpswlrq dqg wudqverxqgdu|
srooxwlrq lvvxhv1 H{whqvlrq ri wkh prgho lq hlwkhu gluhfwlrq zrxog eh uhodwlyho| vwudljkwiruzdug>
krzhyhu/ grlqj vr zrxog qrw hhfw wkh txdolwdwlyh qdwxuh ri rxu lqihuhqfhv uhjduglqj wkh xvh ri
hqylurqphqwdo srolf| wr fdswxuh lqwhuqdwlrqdo uhqw1 Dq dsshqgl{ frqwdlqlqj wkh pdwkhpdwlfdo
ghwdlov ri d prgho wkdw frqvlghuv erwk grphvwlf frqvxpswlrq dqg wudqverxqgdu| srooxwlrq lv dydlodeoh
iurp wkh dxwkruv xsrq uhtxhvw1
<Fruroodu| 6 Li wkh grphvwlf lqgxvwu| hpsor|v yhuwlfdo frqwudfwv/ wkh rswlpdo wd{ iru
d qrq0srooxwlqj lqsxw xqghu txdqwlw| frpshwlwlrq lv +|￿ 'f ,1
Lq wkh Frqudg +4<<6, dqg Eduuhww +4<<7, prghov/ wkh rswlpdo hqylurqphqwdo srolf|
xqghu txdqwlw| frpshwlwlrq lpsrvhv zhdnhu vwdqgdugv wkdq wkrvh dvvrfldwhg zlwk wkh
Sljrxyldq ohyho/ ehfdxvh xqghulqwhuqdol}lqj wkh h{whuqdolw| surylghv upv zlwk dq
lpsolflw h{sruw vxevlg| qhfhvvdu| wr fdswxuh vrph uhqwv lq wkh lqwhuqdwlrqdo pdunhw1
Wkh rswlpdo qrq0frrshudwlyh srolf| lq wkhvh prghov uhsuhvhqwv d frpsurplvh ehwzhhq
wkh rssrvlqj lqfhqwlyhv ri d jryhuqphqw uhjxodwru wr lqwhuqdol}h wkh hqylurqphqwdo
h{whuqdolw|/ rq wkh rqh kdqg/ dqg surylgh d uhqw0vkliwlqj surjudp iru khu upv rq wkh
rwkhu1 Zkhq surgxfwlrq fdq eh rujdql}hg wkurxjk yhuwlfdo frqwudfwv dprqj upv/
krzhyhu/ wklv rxwfrph grhv qrw rewdlq1
Wkh sursrvlwlrq dqg lw*v fruroodu| gluhfw dwwhqwlrq wr dq lpsruwdqw ihdwxuh wkdw
lv lpsolflw lq wkh vwudwhjlf wudgh olwhudwxuh1 Wkh suhvxpswlrq pdlqwdlqhg lq zkdw
kdv ehfrph d ydvw olwhudwxuh wkdw iroorzv Eudqghu dqg Vshqfhu +4<;8, lv wkdw wkh
jryhuqphqw uhjxodwru lv fdsdeoh ri fdswxulqj vrph irup ri uhqw lq wkh lqwhuqdwlrqdo
pdunhw wkdw upv fdqqrw dftxluh wkurxjk ghfhqwudol}hg pdunhw dfwlylwlhv1 Wkh uhjx0
odwru| suroh ri wkh rswlpdo uhqw0vkliwlqj srolf| wkxv vkduhv vlplodu ihdwxuhv zlwk wkh
jhqhudo fodvv ri vroxwlrqv wr sureohpv fkdudfwhul}hg e| srvlwlyh h{whuqdo hfrqrplhv/
dqg/ lq wklv vhqvh/ wkh lqwxlwlrq wkdw vxssruwv rxu uhvxowv uhodwhv wr wkh ixqgdphqwdo
lvvxh udlvhg e| Urqdog Frdvh +4<93,1 Dw lvvxh khuh lv wkh phdvxuh e| zklfk wkh
srvlwlyh hfrqrp| fdswxuhg e| grphvwlf lqsxw srolf| lv dq h{whuqdo hfrqrp|1 Lw lv
zhoo nqrzq wkdw uhvxowv lq zklfk dq h!flhqf| jdlq lv surgxfhg iurp uhjxodwru| srolf|
ghulyh rqo| iurp prghov zlwk d ixqgdphqwdo h{whuqdolw| vwuxfwxuh1 Zlwkrxw frq0
vlghudwlrqv ri yhuwlfdo pdunhwv lq d vwudwhjlf wudgh prgho/ wkh delolw| ri grzqvwuhdp
upv wr vkliw uhqw e| hvwdeolvklqj lqsxw sulfh frpplwphqw lv uhpryhg/ zklfk lpsrvhv/
e| frqvwuxfwlrq/ dq h{whuqdolw| vwuxfwxuh lq wkh prgho1 Zlwk yhuwlfdo pdunhwv/ krz0
hyhu/ wklv h{whuqdolw| vwuxfwxuh lv qrw ixqgdphqwdo1 D yhuwlfdoo| vwuxfwxuhg pdunhw
wkdw vxssruwv d wudghg jrrgv fuhdwhv d fkdqqho wkurxjk zklfk wkh grzqvwuhdp up
fdq frpplw lwvhoi wr dq lqsxw sulfh/ wkhuhe| doorzlqj wkh up wr vkliw lqwhuqdwlrqdo
uhqw wkurxjk d ghfhqwudol}hg surfhvv ri frqwudfw ghvljq1 Frqvhtxhqwo|/ jryhuqphqw
h{sruw vxevlgl}dwlrq ehfrphv xqhffhvvdu|1
43Lw vkrxog eh hpskdvl}hg/ qrqhwkhohvv/ wkdw yhuwlfdoo| vwuxfwxuhg pdunhwv gr qrw
lpso| shu vh wkdw wkhuh lv qr uroh iru vwudwhjlf hqylurqphqwdo srolf|1 Zlwk yhuwlfdo
pdunhwv/ wkh uhohydqw irfxv iru dqdo|vlv fhqwhuv rq wkh uhodwlrqvkls ehwzhhq hqylurq0
phqwdo srolf| dqg yhuwlfdo frqwudfw odz1 Li yhuwlfdo frqwudfwv duh doorzhg lq d qdwlrq*v
erg| ri dqwlwuxvw odz/ dv lq wkh fdvh frqvlghuhg deryh/ d edujdlqlqj vlwxdwlrq dulvhv
ehwzhhq xsvwuhdp dqg grzqvwuhdp upv wkdw ixoo| fdslwdol}hv wkh vwudwhjlf uhqwv dv0
vrfldwhg zlwk wkh lqsxw sulflqj ghflvlrq1 Wkhuh lv qr uroh/ lq wklv fdvh/ iru dq| irup ri
lqgluhfw wudgh srolf| wkdw lv ohylhg lq wkh lqsxw pdunhwv1 Krzhyhu/ li yhuwlfdo frqwudfwv
duh qrw doorzhg xqghu suhydlolqj dqwlwuxvw odz/ wkhq wkh hqwluh yhuwlfdo vwuxfwxuh fdq
eh froodsvhg/ zlwkrxw orvv ri jhqhudolw|/ wr wkh shuvshfwlyh ri wkh grzqvwuhdp upv1
Lq wklv fdvh/ wkh prgho surgxfhv uhvxowv htxlydohqw wr wkrvh ri Frqudg +4<<6, dqg
Eduuhww +4<<7,1
7 Sulfh Frpshwlwlrq
Lq wklv vhfwlrq zh doorz yhuwlfdo frqwudfwv wr dulvh xqghu flufxpvwdqfhv lq zklfk
grzqvwuhdp upv frpshwh lq sulfhv udwkhu wkdq lq txdqwlwlhv1 Xqghu frqglwlrqv
ri grzqvwuhdp sulfh frpshwlwlrq/ {hg sulfh frqwudfwv ri wkh irup ghvfulehg khuh
kdyh ehhq frqvlghuhg lq wkh yhuwlfdo vhsdudwlrq olwhudwxuh e| Vkdhu +4<<4,1 Lq wkh
vwudwhjlf hqylurqphqwdo srolf| olwhudwxuh/ wkh fdvh ri lqwhuqdwlrqdo sulfh frpshwlwlrq
zdv ruljlqdoo| frqvlghuhg e| Eduuhww +4<<7,/ zkr vkrzv wkdw wkh Qdvk hqylurqphqwdo
srolf| htxloleulxp +zlwkrxw frqwudfwlqj, lqyroyhv d vwurqjhu hqylurqphqwdo vwdqgdug
wkdq wkdw lpsolhg e| wkh Sljrxyldq ohyho1
Ohw (￿E ghqrwh wkh grzqvwuhdp ghpdqg ixqfwlrq ri up  lq wkh lqwhuqdwlrqdo
pdunhw/ zkhuh  'E _cs lv wkh yhfwru ri sulfhv1 Wkurxjkrxw/ zh dvvxph wkh






























Wkhvh frqglwlrqv pluuru wkrvh frqvlghuhg lq wkh fdvh ri txdqwlw| frpshwlwlrq dqg
hqvxuh surw pd{lpl}dwlrq/ xszdug0vorslqj uhdfwlrq ixqfwlrqv/ dqg xqltxhqhvv ri wkh










d frqglwlrq zklfk zloo eh vdwlvhg zkhqhyhu wkh rzq0sulfh hhfwv rq (￿ dqg Z ￿
￿ duh
juhdwhu wkdq wkh furvv0sulfh hhfwv1
Lq wkh rxwsxw vwdjh ri wkh frqwudfw vxejdph/ jlyhq wkdw wkh xsvwuhdp up dffhswv














































Lq wkh frqwudfw vwdjh/ wkh lqsxw sulfh rhuhg e| wkh grphvwlf grzqvwuhdp up lq

















_  fc +54,
zkhuh wkh xsvwuhdp sduwlflsdwlrq frqvwudlqw +54, elqgv/ dv ehiruh/ lq wkh rswlpdo
frqwudfw1











































Y_ 'f  +56,
Li yhuwlfdo frqwudfwv duh doorzhg lq wkh iruhljq frxqwu|/ d v|pphwulf h{suhvvlrq zrxog
dulvh iru wkh iruhljq up1
E| dvvxpswlrq/ (_
_ 	 f/ (_
s : f dqg %_
( : f1 Wrwdoo| glhuhqwldwlqj wkh rxwsxw0



















Lq +56,/ wkh vhfrqg whup lv srvlwlyh/ zklfk lpsolhv wkdw wkh frqwudfwhg sulfh lv
hlwkhu deryh ru ehorz wkh qrq0frqwudfwhg sulfh iru wkh grphvwlf lqsxw dffruglqj wr
wkh vljq ri wkh whup lq vtxduh eudfnhwv1 H{sdqglqj wklv whup e| wkh frpsdudwlyh


























zklfk lv qhjdwlyh e| +49,1 D v|pphwulf uhvxow krogv dovr iru wkh iruhljq up1
Sursrvlwlrq 7 Wkh htxloleulxp yhuwlfdo frqwudfw iru d up lq frxqwu|  zkhq wzr0
sduw wdulv duh doorzhg lqyroyhv dq xsvwuhdp sulfh deryh wkh uhjxodwhg sulfh ri wkh
srooxwlqj lqsxw E￿ : ￿E|￿ dqg d srvlwlyh oxps vxp fkdujh sdlg e| wkh xsvwuhdp
up E8 ￿ 	 f1
Wkh rswlpdo frqwudfw xqghu sulfh frpshwlwlrq wdnhv h{dfwo| wkh irup ri wkh frq0
wudfw frqvlghuhg e| Vkdhu +4<<4, lq klv dqdo|vlv ri vorwwlqj doorzdqfhv> wkh grzq0
vwuhdp up frqwudfwv zlwk wkh xsvwuhdp up wr uhfhlyh d oxps0vxp wudqvihu lq h{0
fkdqjh iru sd|lqj d kljkhu xqlw sulfh iru wkh lqsxw1 Wkh rswlpdo frqwudfw wdnhv
wklv irup/ ehfdxvh d kljkhu frqwudfwhg lqsxw sulfh lqfuhdvhv wkh surgxfwlrq frvw ri
wkh grzqvwuhdp up/ zklfk vljqdov lw*v ulydo wkdw lw zloo qrw sulfh djjuhvvlyho| lq wkh
lqwhuqdwlrqdo pdunhw +l1h1/ d sxss| grj vwudwhj|,1 Xqghu sulfh frpshwlwlrq/ wkh
uhdfwlrq ixqfwlrq ri wkh iruhljq up vorshv xszdugv> khqfh wkh iruhljq up uhflsur0
fdwhv wr d grphvwlf sulfh lqfuhdvh e| udlvlqj lwv rzq sulfh lq uhvsrqvh1 Wkh gluhfw
hhfw ri wkh grphvwlf sulfh lqfuhdvh/ ri frxuvh/ lv h{dfwo| frpshqvdwhg e| wkh {hg
46sd|phqw> krzhyhu/ e| frpplwwlqj lwvhoi wr sd| _ : _E|_ iru wkh lqsxw/ wkh grphv0
wlf grzqvwuhdp up surylghv wkh iruhljq grzqvwuhdp up zlwk dq lqfhqwlyh wr udlvh
lw*v sulfh1 Wklv iruhljq sulfh lqfuhdvh kdv d srvlwlyh uvw0rughu hhfw rq grphvwlf
surw1
Qrz frqvlghu wkh uvw vwdjh ri wkh hqylurqphqwdo srolf| jdph1 Ohw wkh surw ri
























Sursrvlwlrq 8 Li yhuwlfdo frqwudfwv duh hpsor|hg lq frxqwu| / wkh rswlpdo hplvvlrq
wd{ xqghu sulfh frpshwlwlrq lv wkh Sljrxyldq wd{ +|￿ ' (￿
%,1
Surri1 Glhuhqwldwlqj +58, dqg pdnlqj xvh ri Vkhsdug*v ohppd/ htxdwlrq +4,/ dqg



























































Sursrvlwlrq 9 Li yhuwlfdo frqwudfwv duh hpsor|hg lq frxqwu| / wkh rswlpdo wd{ iru d
qrq0srooxwlqj lqsxw xqghu sulfh frpshwlwlrq lv +|￿ 'f ,1
Wkh rswlpdo hqylurqphqwdo srolf| lqvwuxphqw lv wkxv htxdo wr wkh Sljrxyldq wd{
uhjdugohvv ri wkh ghjuhh ru qdwxuh ri frpshwlwlrq lq wkh lqwhuqdwlrqdo roljrsro| pdunhw1
Wkxv/ wr wkh h{whqw wkdw yhuwlfdo frqwudfwv duh doorzhg/ wkhuh lv qr uroh iru dq| irup
ri vwudwhjlf lqsxw srolf|1
478 Frqfoxglqj Uhpdunv
Wklv sdshu frqvlghuhg d qrqfrrshudwlyh hqylurqphqwdo srolf| jdph ehwzhhq jryhuq0
phqwv xqghu flufxpvwdqfhv lq zklfk d grphvwlf grzqvwuhdp up lv deoh wr irup
frqwudfwxdo duudqjhphqwv zlwk lwv xsvwuhdp vxssolhuv1 Rxu uhvxowv surylghg vkdus
frqwudvw zlwk wkh frqyhqwlrqdo vwudwhjlf hqylurqphqwdo wudgh srolf| uhvxow wkdw wkh
rswlpdo wd{ lv vhw ehorz +deryh, wkh Sljrxyldq ohyho xqghu txdqwlw| +sulfh, frpsh0
wlwlrq1 Wr wkh h{whqw wkdw yhuwlfdo frqwudfwv duh doorzhg/ zh ghprqvwudwhg wkdw d
ghyldwlrq iurp wkh Sljrxyldq wd{ lq hlwkhu fdvh lv vxerswlpdo1
Wkh sdshu gluhfwv dwwhqwlrq wr dq lpsruwdqw ihdwxuh wkdw lv lpsolflw lq wkh ydvw
vwudwhjlf wudgh olwhudwxuh wkdw gdwhv edfn wr Eudqghu dqg Vshqfhu +4<;8,1 Wkh
suhvxpswlrq lq wklv olwhudwxuh lv wkdw wkh jryhuqphqw fdq fdswxuh vrph uhqw lq wkh
lqwhuqdwlrqdo pdunhw wkdw upv fdqqrw1 Lq wkh fdvh ri vwudwhjlf lqsxw srolf|/ lw
lv qhfhvvdu| wr uhfrqfloh wklv dvvxpswlrq zlwk wkh idfw wkdw lqwurgxflqj d yhuwlfdoo|
vwuxfwxuhg surgxfwlrq vhfwru doorzv wkh grzqvwuhdp up wr +dw ohdvw srwhqwldoo|,
fdslwdol}h wkh ixoo ydoxh ri dq lqsxw srolf| lqwr lw*v frqwudfwxdo uhodwlrqv zlwk xsvwuhdp
upv1 Wklv sdshu kdv dgghg lqvljkw lqwr wklv lvvxh e| pruh fduhixoo| frqfhlylqj wkh
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